METHOD AND APPARATUS FOR CUTTING AND 
SHAPING RUBBER BAND MEMBERS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to method and apparatus for cutting a 
rubber strip at a predetermined longitudinal position and For shaping the upper 
surfaces of the trailing end of the rubber band member and the leading end of the 
remaining rubber strip to have a slope with a small angle relative to the general plane 
of the rubber strip or rubber band member. 

2. Description of Related Art 

[0002] Generally, tire production involves a process wherein an unvulcanized 
rubber strip, e.g., a long stretch of inner liner, is cut into rubber band members each 
having a predetermined length. Subsequently, the rubber member is wound around 
a shaping drum, with its leading end laid over the trailing end and adhered thereto. 
When such a rubber strip is cut into band members, both the leading end and the 
trailing end of the rubber member are shaped to have a slope in the thickness 
direction with a small angle relative to the general plane, in order to ensure that the 
rubber member has a thickness at the joint region, which is the same as the thickness 
at the remaining region of the rubber member, to thereby improve the product quality 
in terms of uniformity of tires. 

[0003] As disclosed in U.S. Patent No. 5,293,795, for example, it has been a 
conventional practice to use an anvil having a flat shaping surface to place the rubber 
strip thereon, in combination with a press cutter/shaper having a pair of inclined 
shaping surfaces on the front and rear sides. The inclined shaping surfaces of the 
cutter/shaper have a small inclination angle relative to the shaping surface of the 
anvil, and intersect each other forming a boundary therebetween. In this instance, 
after the rubber strip has been placed on the shaping surface of the anvil, the press 
cutter/shaper under a heated condition is advanced toward the anvil and brought into 
pressure contact with the rubber strip so as to cut it at a predetermined location 
within the region of the boundary between the front and rear shaping surfaces. Also, 
while the press cutter/shaper in pressure contact with the rubber strip is advanced 
toward the anvil, the trailing end of the rubber member and the leading end of the 
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remaining rubber strip are progressively deformed and shaped by the inclined 
shaping surfaces of the cutter/shaper on the front and rear sides, respectively, to have 
a cross-section having a gradually reduced thickness and forming a relatively small 
angle with reference to the flat shaping surface of the anvil. 
5 [0004] The conventional procedure as mentioned above proved to be generally 
effective for efficiently cutting and shaping a thin strip of unvulcanized rubber into 
rubber band members with a desired shape. However, it has been found that such 
procedure may not be applicable to particular types of rubber strip, such as a stretch 
of inner liner in which chafers with textile cords embedded therein are applied to, 

1 o and along the side edges of the inner liner. This is because the textile cords 

embedded in the chafers impede cutting of the rubber strip, besides that the inclined 
shaping surfaces of the cutrer/shaper are joined to each other at an obtuse intersection 
angle that is typically as large as about 170° for the purpose of the desired shaping. 
SUMMARY OF THE INVENTION 

1 5 [0005] It is therefore an object of the present invention to provide a method and 
an apparatus, capable of readily cutting and shaping a rubber strip even when textile 
cords are embedded therein. 

[000<S] Briefly stated, according to the present invention, a rubber strip is cut and 
shaped into rubber band members by an apparatus which comprises an anvil having a 

20 flat shaping surface with an anvil groove that extends in the width direction of a 

rubber strip to be placed thereon, a press cutter/shaper arranged opposite to the anvil, 
a heating means for heating the press cutter/shaper to a predetermined temperature, 
and a moving means for moving the press cutter/shaper relative to the anvil. The 
press cutter/shaper comprises a pair of inclined shaping surfaces on front and rear 

25 sides, wherein these shaping surfaces of the press cutter/shaper are each inclined with 
a relatively small angle relative to the shaping surface of the anvil so as to intersect 
with each other at a predetermined intersection angle. The press cutter/shaper 
further comprises a cutting blade arranged between the front and rear shaping 
surfaces of the press cutter/shaper and protruding therefrom toward the anvil groove, 

30 wherein the cutting blade has a blade angle defined by front and rear surfaces of the 
cutting blade, which is smaller than the intersection angle of the shaping surfaces of 
the press cutter/shaper. 

[0007] According to the present invention, a rubber strip to be cut and shaped 
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into rubber band members is placed onto the anvD, and the press cutter/shaper heated 
to a predetermined temperature is then moved toward the anvil so that the cutting 
blade is forced into anvil groove while cutting the rubber strip at a predetermined cut 
position in its longitudinal direction to form a rubber band member. On This 
5 occasion, the trailing end of the rubber band member and the leading end of the 

remaining rubber strip are clamped between the front and rear shaping surfaces of the 
press cutter/shaper and the flat shaping surface of the anvil, respectively, and thereby 
progressively deformed and shaped to have a cross-section with a thickness which 
decreases gradually toward the cut position. 
1 0 [0008] In the apparatus according to the present invention, in addition to a pair 
of inclined shaping surfaces, the press cutter/shaper comprises a cutting blade with a 
blade angle that is smaller than the intersection angle of the shaping surfaces of the 
press cutter/shaper. The cutting blade serves to positively cut the rubber strip into 
rubber members even when reinforcing cords are embedded in the rubber strip, while 
1 5 the inclined shaping surfaces serve to progressively deform and shape the trailing 
end of the rubber band member and the leading end of the remaining rubber strip, 
which are clamped between the front and rear shaping surfaces of the press 
cutter/shaper and the flat shaping surface of the anvil, respectively. Such a unique 
arrangement of the press cutter/shaper simultaneously allows for the cutting blade to 
20 have a blade angle suitable for cutting the rubber strip, and also for the inclined 

shaping surfaces to have an intersection angle that can be optimized primarily for the 
deformation and shaping of the trailing end of the rubber band member and the 
leading end of the remaining rubber strip. 

[0009] It is preferred that at least one of the front surface and rear surface of the 
25 cutting blade is pressed against corresponding edge of the anvil groove so as to cut 
the rubber strip at a predetermined cut position. In this instance, it is possible to 
stably cut the rubber strip successively over a long period, since the edge of the 
cutting blade is effectively prevented from premature wear. 

[0010] For achieving a more positive cutting of the rubber strip, it is preferred 
30 that both the front and rear surfaces of the cutting blade are pressed against 

respective edges of the anvil groove so as to cut the rubber strip at predetermined two 
sites. 

[0011] When the cutting of the rubber strip is carried out at two sites as 
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mentioned above, however, rubber scraps of the rubber strip are generated as a result 
of cutting, and such scraps lend to accumulate in the anvil groove. Unless removed 
or otherwise treated properly, the rubber scraps as being successively accumulated in 
the anvil groove often result in formation of undesirable solid mass that tends to 
5 adhere to the rubber snip or rubber band member. In order to effectively avoid 
possible accumulation of rubber scraps in the anvil groove, it is preferred that the 
anvil groove is V-shaped in cross-section, having a groove wall intersection angle 
between front and rear walls of the anvil groove, wherein the groove wall 
intersection angle is approximately same as the blade angle of the cutting blade. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention will now be explained in further detail hereinafter, 
with reference to a preferred embodiment shown in the accompanying drawings. 
[0013) Fig. 1 is a sectional view of the apparatus according to the present 
invention. 

1 5 [0014] Fig. 2 is an enlarged view showing the cutting blade and associated 
elements of the apparatus. 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENT 
[0015] Referring now to Figs. 1 and 2, there is shown a cutting/shaping 
apparatus according to one embodiment of the present invention, which is designated 

20 as a whole by reference numeral 1 1 . The apparatus 1 1 serves to successively 

perform cutting and shaping of an unvulcanized rubber strip 1 2 into rubber band 
members 15 having a predetermined length. The rubber strip 12 may be a stretch of 
inner liner having textile cord-reinforced chafers bonded thereto at places where the 
ends of succeeding strips of the member are to be formed. 

25 [0016] In front of the cutting/shaping apparatus 1 1 , i.e., on the left side in Fig. 1, 
there is provided a supply conveyor 13 which can be driven to supply the rubber strip 
1 2 to the apparatus 11. A delivery conveyor 1 4 is arranged behind the 
cutting/shaping apparatus 1 1, i.e., on the right side in Fig. 1 . Hie delivery conveyor 
14 carries the rubber band members 15 obtained by successively cutting the rubber 

30 strip 12 by. means of the cutting/shaping apparatus 11, and can be driven to deliver 
the rubber members 15 from the apparatus 1 1 to a next station, 
[0017] The cutting/shaping apparatus 1 1 includes a stationary lower frame 17, 
which is arranged below the conveying surface of the conveyors 13, 14. The lower 
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frame 1 7 extends horizontally in the width direction of the rubber strip 1 2, and has a 
horizontal upper surface on which a lower heating block 19 is fixedly mounted. 
The lower heating block 19 is provided with a heater 18 therein, and extends in 
parallel with the upper surface of the lower frame 17. 
5 [0018] An anvil 20 is fixedly mounted on the upper surface of the lower heating 
block 19 in parallel therewith. The anvil 20 has a flat upper surface 21 that serves 
to shape the leading end of the rubber strip 12 and the trailing end of the rubber band 
member 1 5, in the manner to be described hereinafter. The anvil 20 can be heated 
to a predetermined temperature by the heater 18 of the lower heating block 19. At 
J 0 the center of the flat shaping surface 21 of the anvil 20 as seen in the longitudinal 
H direction of the rubber strip 1 2, there is provided an anvil groove 22 that extends in 

J:* the width direction of the rubber strip 1 2. It is assumed that the length of the anvil 

111 groove 22 is larger than the width of the rubber strip 1 2. 

fX [0019} A stationary upper frame 25 is arranged above the lower frame 17 and 

%| 1 5 just opposite thereto, and extends horizontally in the width direction of the rubber 
strip 12. A plurality of fluid cylinders 26 are attached to the upper frame 25, and 
f;| spaced from each other in the width direction of the rubber strip 12 by an equal 

f I interval. These fluid cylinders 26 serve as means for moving the upper frame 25 in 

1 ! Ae vertical direction. Each fluid cylinder 26 has a piston rod 27 of which the free 

*; j 20 end is fixedly connected to a movable plate 28 that can be mobbed in parallel with 
the upper frame 25. The movable plate 28 has a bottom surface that supports an 
upper heating block 30 in parallel with the plate 28. The upper heating block 30 is 
provided with a heater 29 therein, and extends in parallel with the bottom surface of 
the movable plate 28. 

25 [0020] A press body 33 is fixedly secured to the bottom surface of upper hearing 
block 30 and extends in parallel therewith. The press body 33 has a pair of inclined 
shaping surfaces 34, 35. The shaping surfaces 34, 35 are arranged relative to each 
other such that the boundary therebetween, or the midpoint as seen in the 
longitudinal direction of the rubber strip 12, is located just above the anvil groove 22. 
30 Each of the inclined shaping surfaces 34, 35 has a slope in profile, or a surface that is 
raised progressively upward, as seen from the boundary of the shaping surfaces 34, 
35 either forward or backward in the longitudinal direction of the rubber strip 12. 
[0021] The inclined shaping surfaces 34, 35 of the press body 33 has an 
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inclination angle A relative to the horizontal plane H, which is made as small as 3 to 
5 degrees. Thus, when the piston rod 27 of the fluid cylinder 26 is extended to 
lower the press body 33, the rubber strip 12 is clamped between the inclined shaping 
surfaces 34, 35 of the press body 33 and the flat shaping surface 21 of the anvil 20, 
5 and thereby deformed and shaped to have a desired cross-section which becomes 
progressively thinner toward the boundary. As a result, the rubber strip 1 2 has 
upper surface portions 12a, 12b with a small inclination angle relative to the 
horizontal plane H, wherein these surface portions 12a, 12b are shaped by the 
inclined shaping surfaces 34, 35 of the press body 33, respectively. 

1 0 [0022] On the boundary between the inclined shaping surfaces 34, 35 (i.e., just 
above the anvil groove 22), the press body 33 has a fixing groove 37 that extends in 
parallel with the anvil groove 22 and has the same length as the latter. The fixing 
groove 37 serves to fixedly secure a thin plate-like cutting blade 38, which thus 
extends in parallel with the anvil groove 22. The cutting blade 38 has an upper end 

1 5 inserted into the fixing groove 37 and fixedly secured thereto, such that the lower end 
of the cutting blade 38 protrudes from the boundary between the inclined shaping 
surfaces 34, 35 downward, i.e., toward the anvil 20. 

[0023] The press body 33 and the cutting blade 38 as a whole constitute a press 
cutter/shaper 39 for cutting and shaping the rubber strip 1 2 into rubber band 
20 members 15 in a desired manner. The press cutter/shaper 39 is heated by the heater 
29 to a predetermined temperature, which is slightly higher than that of the anvj] 20. 
Further, by activating the fluid liquid cylinders 26, the press cutter/shaper 39 can be 
lowered toward the anvil 20, or raised away from the anvil 20. 

[0024] The lower end of the cutting blade 38 is tapered, i.e., V-shaped in cross- 
25 section, so as to form a cutting edge. As a consequence, the front and rear surfaces 
38a, 38b of the cutting blade 38 each forms a slope inclined by the same angle with 
respect to a vertical plane. In addition to the thin plate-like shape of the cutting 
blade 38, the angle F formed between the front and rear surfaces 38a and 38b of the 
cutting blade 38 is much smaller than the angle G ( 170 - 174 degrees) between the 
30 inclined shaping surfaces 34 and 35. 

[0025] When the press cutter/shaper 39 is driven by the piston rods 27 of the 
fluid cylinders 26 and thereby lowered toward the anvil 20, the lower end of the 
cutting blade 38 is inserted into the anvil groove 22 until both the front and rear 
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surfaces of the cutting blade 38 are pressed against the opening edges 22a of the 
anvil groove 22 with the rubber strip 12 therebetween. This is because the width W 
at the opening of the anvil groove 22 is slightly smaller than the maximum thickness 
T of the cutting blade 38. Thus, the rubber strip 12 is cut at two sites along the 
longitudinal direction, which are spaced from each other by a distance that is equal to 
the above-mentioned width W of the anvil groove 22. 

[0026] Since the cutting of the rubber strip 1 2 is achieved by pressing the front 
and rear surfaces 38a, 38b of the cutting blade 38 against the periphery 22a of the 
anvil groove as described above, the tip end of the cutting blade 38 is effectively 
prevented form premature wear. Hence, the cutting blade 38 can be used for 
successive cutting of the rubber strip 1 2, over a long period of time. Moreover, the 
cutting of the rubber strip 1 2 can be achieved highly reliably, when it is done at two 
sites as mentioned above, as compared to the cutting at a single site only. 
[0027] When the front and rear surfaces 38a 7 38b of the cutting blade 38 are 
pressed against the periphery at the opening of the anvil groove 22 in the manner 
described above, narrow gaps are formed between the flat shaping surface 21 of the 
anvil 20 and the boundary of the inclined shaping surfaces 34, 35 of the press body 
33, particularly between the flat shaping surface 21 and the periphery 37a of the 
fixing groove 37. Thus, it is preferred that when the press cutter/shaper 39 is 
lowered toward the anvil 20, the front and rear surfaces 38a, 38b of blade are pressed 
against the periphery 22a of the anvil groove 22, before the periphery 37a of the 
fixing groove 37 come into contact with the flat shaping surface 21, in order to 
achieve a reliable cutting of the rubber strip 12. 

[0028] Further, the anvil groove 22 for receiving the cutting blade 38 is made to 
have a V-shaped cross-section, of which the angle E (groove angle) between the 
front and rear walls is made approximately equal to, or slightly smaller than the angle 
F (blade angle) between the front and rear surfaces 38a, 38b of the cutting blade 38. 
As a consequence, when the front and rear surfaces 38a, 38b of the cutting blade 38 
are pressed against the periphery 22a of the anvil groove 22, narrow gaps are formed 
between the front wall 38a of the anvil groove 22 and the front surface 22b of the 
cutting blade 38, and between the rear wall 38b of the anvil groove 22 and the rear 
surface 22c of the cutting blade 22, the gaps becoming wider towards the blade tip 
end. 
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[0029] The anvil groove 22 may have a rectangular cross-section. In this 
instance, assuming that the rubber strip 12 is cut at two sites as described above, 
rubber scraps are generated as a result of cutting and accumulate in the anvil groove 
22 thereby gradually forming a solid mass that tends to adhere to the rubber strip 12 
5 oi rubber band member 15. In order to effectively avoid such accumulation of the 
rubber scraps in the anvil groove 22, it is preferred that the anvil groove 22 has a V- 
shaped cross-section and a groove angle E that is made approximately equal to the 
blade angle F of the cutting blade 38. 

[0030] The operation of the apparatus for cutting and shaping a rubber strip into 
) o rubber band members according to the above-described embodiment will be 
explained below. 

[0031] First of all, the supply conveyor J 3 is displaced just in front of the 
delivery conveyor 14, with a rubber strip 12 placed thereon. Then, the two 
conveyors 13, 14 are operated synchronously with each other, thereby causing the 

1 5 rubber strip 12 to be transferred from the supply conveyor 1 3 to the delivery 

conveyor. The transfer of the rubber strip 12 is stopped when a predetermined cut 
position of the rubber strip 1 2 reaches just above the anvil groove 22. The supply 
conveyor 13 is then slightly displaced forward while being temporarily operated, 
thereby forming a festoon of the rubber strip 12 within a space between the press 

20 cutter/shaper 39 and the anvil 20 so that the festoon of the rubber strip 12 is placed 
onto the flat shaping surface 21 of the anvil 20. On this occasion, it is assumed that 
the predetermined position of the rubber strip 12 coincides with the anvil groove 22 
as described above. It is further assumed that the anvil 20 and the press body 39 are 
heated by the heater 18, 29, respectively, so that the anvil 20 is at a predetermined 

25 temperature slightly higher than that of the anvil 20. 

[0032] Then, the fluid cylinders 26 are activated to extend the piston rods 27 so 
that the press body 39 is lowered toward the anvil 20. During such a downward 
movement of the press body 39, the rubber strip 12 at its festoon between the 
conveyors 13, 14 is pressed downward by the press cutter/shaper 39. Before the 

30 press cutter/shaper 39 is completely lowered to its lower limit position, the tip end of 
cutting blade 38 is gradually inserted into the anvil groove 22. During such a 
process, however, the rubber strip 12 is only so deformed as to take a V-shaped 
cross-section, but the cutting does not take place as yet. 
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[0033] Subsequently, when the press cutter/shaper 39 has been completely 
lowered to its lower limit position, the front and near surfaces 38a, 38b of the cutting 
blade 38 are pressed against the periphery 22a of the anvil groove 22, and the rubber 
strip 12 is thereby cut at two sites spaced longitudinally from each other by a 
distance that is equal to the width W of the anvil groove 22. On this occasion, since, 
as mentioned above, the cutter blade 38 protrudes toward the anvil 20 from the 
boundary between the inclined shaping surfaces 34, 35, and the blade intersection 
angle F between the front and rear surfaces 38a, 38b is smaller than the slope 
intersection angle G between the inclined shaping surfaces 34, 35 on the front and 
rear sides, the rubber strip 12 can be easily and reliably cut into a rubber band 
member 15, even when the rubber strip 12 has reinforcement cords embedded therein. 
[0034] Moreover, since because the press cutter/shaper 39, in particular the press 
body 33, has a pair of inclined shaping surfaces 34, 35 each being inclined with a 
small angle relative to the flat shaping surface 21 of the anvil 20, those regions of the 
rubber segment 12 which are situated immediately on the front and rear sides of the 
cut position are clamped or pressed between the inclined shaping surfaces 34, 35 and 
the flat shaping surface 21 of the anvil 20 and thereby deformed to have a cross- 
section that becomes gradually thinner toward the cut position, so that the upper 
surface portions 12a, 12b of the rubber strip 1 2 are inclined by a small angle with 
relative to the flat shaping surface 21 of the anvil 20. 

[0035] According to the present invention, as explained above, the cutting and 
shaping of the rubber strip are performed by separate mechanisms. Thus, the 
cutting is performed by the engagement of the cutting blade 38 with the anvil groove 
22, whereas the shaping of the rubber strip 12 or the rubber belt member 15 is 
performed by clamping and pressing the rubber material between the inclined 
shaping surfaces 34, 35 and the flat shaping surface 21 . It is therefore possible to 
adopt an optimum inclination angle of the shaping surfaces 34, 35 relative to the flat 
shaping surface 21 of the anvil 20, which can be made as small as about three 
degrees. As a result, a constant thickness of the rubber band member 15 can be 
readily realized even when it is wound around a shaping drum, with the leading and 
trailing ends of the rubber band member 51 laid over and bonded to each other, so 
that the thickness at the joint is substantially the same as that at the remaining region 
of the rubber band member 15. 
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[0036] Subsequently, the piston rods 27 of the fluid cylinders 26 are retracted so 
that the press cutter/shaper 39 is raised and returned to its original position. The 
delivery conveyor 14 is then operated to transfer the rubber band member 15 to a 
next station for a succeeding processing, which may be the shaping drum. At the 
same time, the supply conveyor 1 3 is operated so as to remove the leading end of the 
remaining rubber strip 12 from the anvj] 20 and move it back onto its conveyor 
surface. 

[0037] It will be appreciated from the foregoing detailed description 
that, according to the present invention, it is readily possible to effectively and 
efficiently cut a rubber strip 12 into rubber band members 15, even when 
reinforcement cords are embedded in the rubber strip 12. 

[0038] While the present invention has been described above with 
reference to a preferred embodiment shown in the drawings, it is 
needless to say that various changes and/or modifications may be made 
without departing from the scope of the invention as defined by the 
appended claims. 

[0039] Thus, for example, while the cutting of the rubber strip 12 is performed 
in the illustrated embodiment by pressing the front and rear surfaces 38a, 38b of the 
cutting blade 38 against the periphery 22a of the anvil groove 22 having a v-V- 
shaped cross-section, the anvil groove may have a square cross-section and the 
cutting of the rubber strip may be performed by pressing the tip end of the cutting 
blade against the bottom of the anvil groove. 

[0040] Furthermore, while the cutting of the rubber strip 12 in the illustrated 
embodiment is performed at two sites, by pressing the front and rear surfaces 38a, 
38b of the cutting blade 38 against both sides of the periphery 22a of the anvil 
groove 22, the cutting of the rubber strip 12 may be performed at a single site only, 
by pressing either one of the front and rear surfaces 38a, 38b against the 
corresponding side of the periphery 22a of the anvil groove 22. In this instance, it 
is possible to eliminate formation of rubber scraps or formation of solid mass that 
tends to adhere to the rubber band member or remaining rubber strip. 
[0041] Also, while the cutting blade 38 has been described as being fixedly 
secured to the press body 33, the cutting blade may form an integral part of the press 
body, or may be movable relative to the press body and projected by an associated 
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actuator only during the cutting, after the upper surface regions of the rubber strip 
have been deformed and shaped to a predetermined extent, 

[0042] Still further, while the groove intersection angle E of the anvil groove 22 
has been explained as being slightly smaller than the blade intersection angle F, the 
5 two intersection angles may be the same as each other. Also, instead of driving the 
cutter/shaper 39 to be moved toward and away from the anvil 20, it is possible to 
drive the anvil and move it toward and away from the press cutter/shaper. 
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